averaged 8.9 months duration. Subscales demonstrated a statistically significant decline in general vision, near activities, distance activities, social functioning, role difficulties, dependency, and driving. There were minimal changes in the HADS and SF-36 scales. Conclusion CNV development in the second eye had a dramatic effect on visual functioning based on patient responses to the NEI-VFQ questionnaire. Our investigation is believed to be the first study using data collected prospectively to demonstrate vision-related quality of life changes that resulted from development of CNV in AMD patients.
Introduction
Age-related macular degeneration (AMD) is the leading cause of irreversible blindness in the developed world. Worldwide in 2020, an estimated 196 million people will suffer from AMD and 11.3 million people will suffer from advanced AMD [1] . Advanced AMD is defined as the presence of either geographic atrophy that involves the fovea (center of vision) or choroidal neovascularization (CNV), abnormal growth of blood vessels arising from the choroid. The burden of AMD is expected to rise with the aging of the population, from over 7.3 million cases in the United States in 2000 [2] to an expected 17.8 million cases expected by 2050 [3, 4] . Non-neovascular AMD (NNVAMD) accounts for approximately 90% of all cases of AMD, but neovascular AMD (NVAMD) historically has accounted for the majority of visual impairment seen in this disease [5] . This ratio has changed somewhat since approval of anti-vascular endothelial growth factor (anti-VEGF) therapy for NVAMD. Treatment with intravitreal injections of anti-VEGF therapy results in improvement or stabilization of vision in over 90% of NVAMD patients [6] . Even with the profound impact of anti-VEGF therapy, CNV remains the leading cause of blindness due to AMD; furthermore, 7% of eyes treated for NVAMD become legally blind after 2 years [7, 8] .
Patients with NNVAMD are at risk for sudden progression to NVAMD, which occurs at a rate of 13% within 5 years [9] . Due to the aggressive nature of NVAMD, ophthalmologists regularly screen NNVAMD patients for development of CNV. The visual acuity (VA) at initiation of therapy is the best predictor for final visual acuity outcome at 1 and 2 years after therapy; thus early detection and treatment of NVAMD leads to improved visual prognoses [10] . Investigators of one study have demonstrated that, with early diagnosis and proper monitoring of NVAMD treatment, patients could avoid loss of five or more letters of visual acuity in affected eyes at 1 year after treatment initiation [11] .
Deferral of therapy after onset of CNV has a negative effect on visual acuity outcome [12] [13] [14] because untreated CNV continues to grow at a mean growth rate of 10-18 µm per day [15, 16] . One study showed that a delay in treatment of more than 28 days compared with 28 days or less resulted in a statistically significant greater percent of patients with at least one line loss of vision (p = 0.01) [17] . Another study demonstrated that with increasing time between onset of symptoms and initiation of treatment, visual acuities both at presentation and after treatment were markedly low [18] . For patients with mean symptom duration of 18 days, pre-treatment VA was 0.4 Snellen decimal, and it improved to 0.49 after 2 anti-VEGF injections. For patients with mean symptom duration of 201 days, pretreatment VA was 0.09 Snellen and it improved to 0.16 after treatment [18] . This difference in VA remained even after 1 year [19] . Thus, early detection of CNV is critical to optimize the visual outcomes of NVAMD patients.
Quality of life evaluation plays a key role in our understanding of the effect of NVAMD on patients. Finger et al. demonstrated that vision-related quality of life scores improved in patients with vision improvement after initiation of anti-VEGF therapy and decreased when vision declined [20] . The Submacular Surgery Trials (SST) were three randomized, multicenter clinical trials sponsored by the National Eye Institute primarily performed to determine whether surgical removal of subfoveal CNV and associated hemorrhage in patients with AMD and other causes of CNV stabilized or improved vision and vision-related quality of life measures compared with observation. The SST Group has reported that changes in scores on the National Eye Institute Visual Function Questionnaire (NEI-VFQ) correlated with changes in visual acuity [21] and that participants with bilateral CNV at baseline had substantially worse scores at baseline [22] and during follow-up than those with unilateral CNV [23, 24] .
The goal of our analysis of the SST data was to investigate the changes in quality of life that occur with the development of CNV in second eyes of patients with NVAMD. We analyzed prospectively collected data from participants with unilateral subfoveal neovascular AMD who enrolled in the SST and in whose contralateral eye (second or fellow eye) CNV developed during the course of the study to assess whether quality of life scores during the follow-up period worsened with CNV development in the second eye.
Methods
The SST were 3 randomized, multicenter clinical trials sponsored by the National Eye Institute registered on ClinicalTrials.gov with identifier NCT00000150. SST participants were followed at scheduled examination and interview times for 2 to 4 years, depending on date of enrollment. We included data only from participants enrolled in the two randomized trials for AMD. The primary inclusion criterion for the analysis population was CNV development in the second eye during follow-up in the SST. The exclusion criteria were (1) CNV in both eyes at the time of SST enrollment and (2) CNV first observed at the last study examination because these patients would not have a subsequent interview from which scores could be compared to a pre-CNV score. The Data and Safety Monitoring Committee and the institutional review boards of the participating centers reviewed and approved the SST prior to initiation of patient enrollment in 1997. The current investigation was approved by the SST Archives Committee; a waiver of consent was granted by the Johns Hopkins University Institutional Review Board (IRB). The SST database and other SST documents, including the SST Manual of Procedures, are available from the Alan Mason Chesney Medical Archives of the Johns Hopkins School of Medicine [25] .
SST methods and quality of life interviews have been well described elsewhere [23, 24, 26, 27] . In brief, participants were 50 years or older with untreated subfoveal CNV secondary to AMD in one eye, the "study eye." Eligible patients could have CNV in one or both eyes, but only the eye that met defined eligibility criteria was deemed the study eye. Our analysis focuses on the development of CNV in the non-study second eye, or "fellow eye," of those patients who did not have bilateral CNV at time of SST enrollment and had CNV diagnosed in the second eye during SST follow-up.
SST patients completed telephone interviews during which three quality of life instruments were administered by an interviewer: the 39-item version of the NEI-VFQ [28, 29] , the 36-item Short Form Health Survey (SF-36) [30, 31] , and the 14-item Hospital Anxiety and Depression Scale (HADS) [32, 33] . All SST participants completed the interview before randomization. Follow-up interviews were scheduled at 6, 12, and 24 months after randomization for all participants and at 36 and 48 months after randomization for participants who enrolled during the first two years of accrual. Clinical examinations were conducted on the same schedule. Interviews were conducted by trained interviewers at the SST Coordinating Center who were masked to the treatment assignment, study eye, and clinical data. For this study, we evaluated only data from the interviews conducted at baseline, immediately prior to CNV diagnosis, and immediately following CNV diagnosis.
The NEI-VFQ assesses visual function and its impact on one's life. The SST interview used a 39-item version of the NEI-VFQ that included the 25-item NEI-VFQ and the appendix of additional questions [34, 35] . Item responses are used to create 11 subscales: general vision, near activities, distance activities, social functioning, mental health, role difficulties, dependency, driving, color vision, peripheral vision, and ocular pain. Subscale scores are derived from 1 to 6 items and range from 0 to 100. An NEI-VFQ overall score can be computed and also has a range of 0 to 100.
The SF-36 items are indicators of self-reported physical and mental health. Items are aggregated to form 8 domains; domain scores can be combined to create physical and mental component summary scores that were calibrated by the developers to have mean values of 50 and standard deviations of 10 in the United States population [36] .
The HADS is a clinical screening tool for anxiety and depression in outpatients that consists of 14 questions rated 0 to 3, with 7 questions relating to anxiety and 7 for depression. Scores for each scale range from 0 to 21, with patients whose scores are ≤7 classified as not a case of anxiety or depression, 8 to 10 a doubtful case, and more than 10 a definite case of anxiety or depression. All three questionnaires have been validated in several studies [30] [31] [32] [33] [34] [35] .
Data acquisition and analysis
Of patients with AMD enrolled in the SST, we selected those who had second eyes at risk of CNV development [37] . Among the patients at risk, we identified those in whom CNV developed in the second eye. We excluded from the analysis population those patients in whose second eye CNV had been diagnosed at the last SST examination and thus were unavailable for an interview after CNV diagnosis, to obtain the analysis population.
Data from interviews conducted at three time points were analyzed: baseline at entry to the SST, the scheduled interview immediately prior to CNV diagnosis, and the scheduled interview immediately following CNV diagnosis. Baseline interviews were completed by all participants. A high proportion (more than 90%) of the participants completed interviews at 6, 12, and 24 months after SST enrollment. More than half the participants were eligible for and completed 36-month interviews, but only about one-third of the participants were eligible for and completed 48-month interviews.
Patient, study eye, and lesion baseline characteristics and interview data were recorded and included age, gender, race/ethnicity, current occupational status, evidence of CNV on fluorescein angiography (FA), CNV location relative to the fovea, CNV classification (classic vs. occult CNV components), other components of the neovascular lesion, greatest diameter of neovascular lesion, visual acuity, and responses to the NEI-VFQ, SF-36, and HADS questionnaires. Visual acuity of each eye was measured separately after careful refraction and correction of refractive error. Best-corrected visual acuity of each eye was measured on a retroilluminated modified Bailey-Lovie chart ("ETDRS chart") at a distance of either 2.0 or 0.5 m, depending on the level of visual acuity of the eye. Visual acuity scores could range from 0 to 100 and were based on the participant's distance from the chart and the number of letters read correctly on each line of the chart [35] .
For each questionnaire measure (item, subscale, component summary score, or overall score), two separate comparisons were made. One comparison was between the baseline scores and the scores immediately prior to CNV diagnosis to determine whether there were changes during the interval before CNV developed in the second eye that possibly represented aging or changes in other health conditions or that represented changes predictive of CNV. The second comparison was between the scores immediately prior to CNV diagnosis and the scores post CNV diagnosis.
Subgroup analysis was performed for patients based on the location relative to the fovea of second eye CNV at time of diagnosis, i.e., subfoveal, probably subfoveal or juxtafoveal, or extrafoveal. Subfoveal lesions are defined as those that extend under the center of the foveal avascular zone (FAZ). Juxtafoveal lesions are those that extend as close as 1 and 199 µm from the FAZ center, and extrafoveal lesions are located more than 200 µm from the FAZ center.
Statistical methods
Each comparison was performed using a paired t-test for sample sizes of at least 30, where the distribution of scores could be assumed to be normally distributed. The Wilcoxon signed-rank test was performed when sample sizes were <30 or when distributions were observed to deviate markedly from normality. For each comparison, an unadjusted (nominal) p value was calculated. The Bonferroni method was used to adjust the p values for multiple comparisons of the same type within an interview instrument. Bonferroni-adjusted p values <0.05 were judged to be statistically significant.
Multivariable linear regression models were used to analyze NEI-VFQ outcomes adjusting for change in SF-36 physical and mental health component summary scores as a proxy for change in medical co-morbidities [38, 39] . For all participants in the analysis population, the model for each NEI-VFQ outcome included time (baseline vs. before CNV diagnosis or before vs. after CNV diagnosis) and the change in each SF-36 summary component score as explanatory variables. For subgroup analyses, the model included subgroup, time, a subgroup-by-time interaction term, and the change in each SF-36 summary component score. Using a single model with an interaction term allowed comparison of subgroups for each outcome. The Bonferroni method again was used to adjust for multiple similar comparisons. All statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC, USA).
For each VFQ subscale or SF-36 component summary score for which the unadjusted p value for the prior to and following CNV comparison was not statistically significant, the power was calculated using a type I error of 0.05 and the observed mean difference, standard deviation of the difference, and sample size. A power of 80% or higher was considered acceptable.
Results

Description of analysis population
Of the 790 participants with AMD who enrolled in the SST, 380 had unilateral CNV at baseline and therefore were at risk of CNV development in the second eye. Of the 380 patients at risk, CNV developed in the second eye of 98 patients during SST follow-up (Fig. 1 ).
For 26 of the patients, the baseline interview was the only one available prior to CNV diagnosis. Thus of the 92 patients eligible for inclusion, 66 patients completed interviews from baseline to prior to CNV diagnosis. A total of 75 patients had interviews before and after CNV diagnosis and were included in this second comparison.
Baseline demographic and visual acuity characteristics of all 98 patients in whom CNV developed in the second eye, the 92 patients with new second eye CNV diagnosed before the end of the SST follow-up, and the 3 subgroups based on incident CNV location are summarized in Table 1 . The mean age was 76 years (standard deviation 5.7 years) and most patients (90%) had retired from work. Although slightly more women experienced second eye CNV, some small subgroups contained more men. All but one patient in whose second eye CNV developed were Caucasian (99%). For all 92, the mean number of months from baseline interviews to those prior to CNV diagnosis was 8.9 months. The mean number of months from baseline interviews to those following CNV diagnosis was 25 months. For the 66 patients with CNV for whom the interview prior to CNV diagnosis was not baseline, the mean number of months from baseline interviews to those prior to CNV diagnosis was 12.5. For the 77 patients with CNV with interviews after CNV diagnosis, the mean number of months from baseline interviews to those following CNV diagnosis was 25.0 months, and the mean number of months from before to after diagnosis was 17.8.
As expected, the visual acuity in the SST study eyes, all of which had CNV, was poor at baseline. Also as expected, visual acuity in the fellow eyes free of CNV at baseline was good, with 91% of patients having visual acuity of 20/40 or better.
Change in visual acuity relative to CNV diagnosis
There was minimal change in visual acuity in the fellow eyes prior to CNV diagnosis with 90% of patients having 20/40 or better visual acuity. However, after CNV Fig. 1 Flow diagram demonstrating the inclusion of patients in the analysis population. A total of 790 patients with CNV secondary to AMD enrolled in the SST. Of 380 SST participants without bilateral CNV at time of SST enrollment, 98 developed CNV in the second eye; of whom 92 were included in the analysis population after 6 participants were excluded due to CNV diagnosis at the last SST followup examination and thus inability to assess visual function after CNV diagnosis diagnosis, visual acuity dramatically declined in the fellow eye, with only 29% of patients having 20/40 or better vision and 32% with 20/200 or worse vision ( Table 2) .
Characteristics of incident CNV are summarized in Table 3 . Of the 92 patients with incident second eye CNV diagnosed before the 48-month study visit, the neovascular lesion of 42 was subfoveal, 17 probably subfoveal or juxtafoveal, and 30 extrafoveal. Most patients (88%) had primarily occult CNV with a mean dimension of the lesion of 3663 μm. The subfoveal CNV subgroup had larger lesions with a mean of 4632 μm, whereas the extrafoveal CNV subgroup had lesions with a mean diameter of 2509 μm.
National Eye Institute Visual Function Questionnaire (NEI-VFQ)
Comparison of baseline responses with those prior to CNV diagnosis demonstrated no statistically important change over time in any individual NEI-VFQ item (Supplemental Table 1 ) or in any subscale score from multivariable linear regression models that used changes in SF-36 physical and mental health component summary scores as a proxy for change in medical co-morbidities (Table 4) . However, comparison of scores before and after CNV diagnosis in the second eye demonstrated statistically and clinically significant worse vision-related function as reflected in responses to 20 of 39 individual items after adjusting for change in scores on the two SF-36 component summary scales and accounting for multiple comparisons (Supplemental Table 1 ). These items included limitation of activities due to eye sight (staying at home due to sight, difficulty going out to events, accomplishing less due to eyesight, relying too much on others due to poor sight, being limited in ability to do things, not driving, and not leaving home alone due to sight), perception of changes in vision (rating of eyesight) and difficulty in performing activities of daily living (finding items on a crowded shelf, figuring out bills, recognizing people, participating in sports, watching TV, and reading street signs, small print, and newspapers).
Four of the 11 NEI-VFQ subscales demonstrated no important effect of CNV development in the second eye: ocular pain, mental health, color vision, and peripheral 8 (8) 8 (9) 3 (7) 1 (6) 4 ( vision. However, there were statistically and clinically significant declines in the other seven subscales and the overall score (Table 4) . Subgroup analysis was performed based on incident CNV location (subfoveal, extrafoveal, and probably subfoveal or juxtafoveal). Subfoveal CNV resulted in declines in scores for 6 NEI-VFQ subscales compared to declines on four subscales for incident CNV in other locations at time of diagnosis (Table 4) . For each VFQ subscale or SF-36 component summary score in Tables 4  and 5 for which the unadjusted p value for the before and after comparison was not statistically significant, power using a type I error of 0.05 and the observed mean ( 17 (18) 17 (19) 10 (24) 3 (18) 67 (74) 26 (62) 14 (88) 26 (87) Questionable classic CNV 1 (1) 1 (1) 1 (2) 0 (0) 0 (0) <50% classic 14 (15) 12 (13) 9 (21) 1 (6) 1 (3) ≥50% classic 12 (12) 10 (11) 6 (14) 1 (6) 3 ( 78 (88) 36 (86) 15 (94) 27 (90) Questionable 1 (1) 1 (1) 1 (2) 0 (0) (14) 10 (11) 5 (12) 1 (6) 3 ( difference, standard deviation of the difference, and sample size was computed. Power ranged from 0.03 to 0.58.
Hospital Anxiety and Depression Scale (HADS)
Among all participants diagnosed with CNV in the second eye and within subgroups based on CNV location, none of the HADS individual item or subscale responses demonstrated a clinically or statistically significant difference between either the baseline interview and the interview prior to CNV diagnosis or before and after CNV diagnosis (Supplemental Tables 2, 3) .
SF-36 Short Form Health Survey
Similarly, the responses to all SF-36 items from participants with incident second eye CNV demonstrated no clinically or statistically significant difference, either from baseline to prior to CNV diagnosis or from before to after CNV diagnosis, either overall (Supplemental Table 4 ) or within any subgroup (Supplemental Table 5 ). From baseline to prior to CNV diagnosis, there was an overall statistically significant decline in the physical component summary scores ( Table 5 ), suggesting that with aging of the patients there was a decline in physical activity level, but there was no decline in the physical component summary scores with the diagnosis of CNV. Conversely, the mental component summary scores did not change substantially from baseline to the interview prior to CNV diagnosis, but declined to a statistically significant degree from prior to and following CNV diagnosis. This change suggests that the diagnosis of CNV in the second eye had a negative effect on the mental health of affected patients although this was not reflected on the mental health subscale of the NEI-VFQ.
Discussion
We analyzed changes in self-reported visual function and mental and physical health among 92 participants with unilateral neovascular AMD who enrolled in the SST and in whose second eye CNV developed before the final SST follow-up examination. Interview results were available for comparison of responses from the baseline interview to before CNV diagnosis for 66 patients and from before and after CNV development for 75 patients. Development of CNV in the second eye resulted in a significant effect on visual functioning of these patients as evidenced by the substantial change in the NEI-VFQ scores before and after CNV development. Scores for 20 of 39 individual items and 7 of 11 subscales of the NEI-VFQ and the overall NEI-VFQ scores declined by statistically and clinically significant degrees with CNV development in the second eye. Declines in scores were 10 points or more for all seven subscales and the overall score and greater than 20 points for three subscales. Patients in the analysis population initially had good quality of life scores, likely due, at least in part, to visual acuity of 20/40 or better in 91% of eyes free of CNV at baseline. However, CNV development corresponded to a dramatic decline in visual acuity; only 29% of patients had visual acuity of 20/40 or better after CNV was diagnosed. Thus, new sequential bilateral visual impairment likely contributed substantially to the decline in quality of life scores.
As expected, patients with incident subfoveal CNV in the second eye during follow-up had larger declines in NEI-VFQ scores than those with CNV newly observed in locations that did not involve the fovea, but all subgroups based on location of CNV demonstrated changes in scores on the near activities, role difficulties, and driving subscales. To determine whether there was significant fluctuation in scores over time in the absence of CNV in second eyes, we compared interview scores from baseline to immediately prior to CNV diagnosis; no statistically significant difference in any item or subscale score of the NEI-VFQ differed between these two interview times. Our finding of no change in scores prior to CNV diagnosis supports our conclusion that CNV development contributed to these dramatic changes in perceived ability to function visually. After adjustment of scores for many covariates and Bonferroni adjustment to the p values, the magnitude of the changes remained statistically significant and reflect the effect that new bilateral CNV and the accompanying change in visual acuity of the second eye have on patients.
The majority of patients in the SST and in the analysis population were elderly. Limited data were collected regarding a patients' level of activity and ability to function in various ways. Few patients were employed with an income; 90% of the patients were retired. There was no difference in the scores on either of the two HADS subscales either from baseline to prior to CNV diagnosis or before and after CNV diagnosis. The incidence of CNV in fellow eyes at risk was 26% (98 of 380), which is within the range observed in other prospective studies of patients with AMD and unilateral CNV. For example, in the randomized trials conducted by the Macular Photocoagulation Study Group, the 4-year incidence of CNV was 22% among patients with extrafoveal CNV in the study eye [40] and 36% among patients with subfoveal or juxtafoveal CNV in the study eye at baseline [41] .
We observed a decline from baseline to prior to CNV in the physical component summary scores from the SF-36, suggesting that aging of the patients resulted in a decline in their physical ability. We interpret the decline in the mental component summary scores from the SF-36 prior to and following CNV diagnosis as indicating that the CNV diagnosis had psychological implications for patients. While the mental component summary score as measured by the SF-36 was affected, the mental health NEI-VFQ subscale did not show a similar effect. The NEI-VFQ mental health subscale measures different aspects of mental health compared to the SF-36 mental health summary component as reported by others [42] . It is unclear why the HADS scores for anxiety and depression were unaffected by the CNV diagnosis in the second eye. The HADS items and subscales may not be intended to detect mild symptoms of anxiety or depression. We conclude from our experience that generic patient reported outcome measures (PROMs) may not be as sensitive to diagnosis of new vision-threatening ocular conditions or changes in visual acuity as instruments specific to vision-related quality of life, such as the NEI-VFQ.
We recognize limitations to our investigation. We conducted an unplanned post hoc analysis of the SST dataset. The applicability of the results to patients with similar vision in both eyes is likely limited since all patients in our analysis population already had CNV in one eye at baseline. Patients may not notice a loss of vision in one affected eye as long as the other eye sees well. However, the Age-Related Eye Disease Study investigators observed decreases of similar magnitude on the same subscales of the NEI-VFQ for patients who progressed to advanced AMD [43] . Another limitation is that the sample size was limited to 92 patients, predominantly (99%) Caucasian, residing in the United States. Visual function questions can be culture and ethnicity dependent; the applicability of our findings in different nations, ethnicities, and cultural groups could not be evaluated. In addition, these deliberately subjective questionnaires were completed by patients after diagnosis of CNV in their first eye; thus it is unclear how much patients would notice without the CNV diagnosis in the first eye. Also, we did not investigate the presence or progression of atrophy in fellow eyes. The SST was performed when available treatments for NVAMD were laser photocoagulation and photodynamic therapy. Given the significant improvement in treatment with anti-VEGF therapy, the outcomes have improved significantly for patients which could affect patient's response to CNV diagnosis, particularly for mental health evaluations. A large, prospective cohort study of AMD patients with quality of life evaluation over several years would be a good way to evaluate these changes in CNV development given the rare occurrence of this event.
To our knowledge, this is the first study to demonstrate dramatic vision-related quality of life changes associated with CNV development in second eyes of patients with AMD. As all patients already had CNV in one eye at baseline, i.e., the study eye randomized in the SST, in more than 95% of the patients the second eye was the better seeing eye at baseline [24] . Regardless of the location of incident CNV relative to the fovea, patients demonstrated increased difficulty after CNV development in near activities, role difficulties, and driving.
In the randomized trials that demonstrated the effectiveness of intravitreal injections of anti-VEGF agents, patients and eyes were examined and affected eyes were treated at 4-week or 8-week intervals [44] . Thus, CNV-free fellow eyes also were examined at the same intervals and treated as elected by ophthalmologists and patients. More recently, various treatment and follow-up schedules have been proposed and adopted by some ophthalmologists. These schedules result in less frequent examination of eyes under treatment and fellow eyes. Various methods for monitoring patients for development of CNV in second eyes at risk as well as interim progression of CNV in eyes under treatment have been proposed.
Given the results from our study that scores on validated vision-related quality of life questionnaires change dramatically with CNV development in second eyes, we can envision establishing in-person or automated systems for regular, frequent monitoring of patients for changes in responses to a small set of questions, such as those that contribute to the near activities, role difficulties, and driving subscales, or even one or two items from the general vision subscale, of the NEI-VFQ. Large changes in scores between scheduled examinations would prompt immediate examination and evaluation of the need for treatment of either eye with the twin goals of preserving as much vision and vision-related functional ability as possible. Furthermore, patient responses to items on such questionnaires may allow physicians to develop better understanding of patients' perceptions of the effects of the CNV development and loss of visual acuity on patients' daily lives.
